Abstract: The behaviour of bathypelagic perch fry (BPF) was monitored during
Introduction
It is widely accepted that perch larvae migrate from near-shore spawning sites into the pelagic area soon after hatching (Whiteside et al., 1985; Post & McQueen, 1988; Treasurer, 1988; Wang & Eckmann, 1994) where, owing to their transparency (Ward & Robinson, 1974; Coles, 1981) , they are probably less vulnerable to predation (Faber, 1967) . Perch fry are reported to stay in the pelagic zone for a month, or longer, and after metamorphosis, when pigmented juveniles are more susceptible to predation in the offshore habitat, they return to the littoral area (Ward & Robinson, 1974; Coles, 1981; Whiteside et al., 1985; Treasurer, 1988) . However, several studies (Hamley et al., 1983; Perrone et al., 1983; Matěna, 1995a) have suggested that it cannot be completely excluded that after this period some part of the young-of-the-year (YOY) perch population remained pelagic and effectively escaped the sampling gear. Despite the facts that perch fry seem to be positively phototactic (Disler & Smirnov, 1977; Craig, 1987) and prefer higher temperatures (Ross et al., 1977) , soon after their shift into the pelagial two different distribution maxima could be established. In addition to the surfaceconfined or epipelagic perch fry (EPF) distribution reported by many authors (e.g., Coles, 1981; Whiteside et al., 1985; Post & McQueen, 1988; Treasurer, 1988; Wang & Eckmann, 1994; Matěna, 1995a; Urho, 1996) , at least in some lakes and deep stratified reservoirs, deep water -bathypelagic, or even benthic, perch fry distributions were also recorded (e.g., Ward & Robinson, 1974; Perrone et al., 1983; Kubečka & Slad, 1990) . Recently, Čech et al. (2005) gave evidence of sympatric EPF and BPF communities occurring simultaneously in the Slapy reservoir during May and June. The EPF spent the whole 24 hours in the upper 4 meters of the water column (i.e. above the thermocline) whereas the BPF performed diel vertical migrations with an amplitude exceeding 10 m, being in the epilimnion during the night and migrating into the cold hypolimnetic layers during the day. At this time the BPF community was present as a several meters thick scattering layer, which could be followed by the echosounder. The contribution of the bathypelagic part of the population to the total numbers of pelagic perch fry decreased in Slapy reservoir from 28.1% in May to 4.7% in June. However, in this reservoir, and similarly in Lake Ros (Jachner, 1991) , the overall abundance of pelagic perch fry reached its maximum in June.
Since the behaviour and relationship between EPF and BPF community is widely described in Čech et al. (2005), the present study is focused exclusively on the bathypelagic layer of European perch fry, Perca fluviatilis L., 1758, monitored in Římov reservoir using hydroacoustic methods. The main objective is to describe ontogeny of the BPF layer, including changes in abundance, shoaling activity, depth distribution and presence on the longitudinal profile of the reservoir.
Study area
The study was carried out in the canyon-shaped meso-to eutrophic Římov reservoir, Czech Republic (48 • 50 N, 14 • 30 E, 170 km south of Prague) created by damming the Malše River, which is the main reservoir tributary (Fig. 1) . The reservoir has an area of 210 ha, a volume of 33 × 10 6 m 3 and maximum depth of 45 m. The average water retention time varies from 80 to 180 days (SEĎA & KUBEČKA, 1997) . Previous large-scale studies of pelagic YOY fish assemblages carried out in 1985 and 1991-1994 using a ClarkeBumpus sampler, conical ichthyoplankton net and a push net, found perch to be the dominant species in the Ří-mov reservoir, comprising 73.6-99.9% of the total fish population (KUBEČKA & SLAD, 1990; MATĚNA, 1995a, b; MACHÁČEK & MATĚNA, 1997; WANZENBÖCK et al., 1997) . The pelagic abundance of the other two percids able to form a bathypelagic scattering layer, zander Sander lucioperca (L., 1758) and ruffe Gymnocephalus cernuus (L., 1758) (ČECH et al., 2005) was much lower ( 15% all the time) than that of perch (KUBEČKA & SLAD, 1990; MATĚNA, 1995a; WANZENBÖCK et al., 1997) . During daytime, no other organisms (like Chaoborus sp.) of the acoustic target strength (TS in dB; for definition see MACLENNAN & SIMMONDS, 1992) similar to perch fry are known from the open water of Římov reservoir (SEĎA, unpubl. data). For the purpose of this study, therefore, it was assumed that all small size signals on the echogram were related almost exclusively to perch.
Material and methods
Acoustic data were collected in four sampling surveys during midday on 21 May, 24 June, 8 August and 5 September 1996 along the longitudinal profile of Římov reservoir. Twelve transects ("A" -"L"), each 350 m in length, were defined ( Fig. 1) . Stratification variables (temperature in
were measured with a calibrated WTW OXI 196 probe in transects "A", "F", "J" and "L". From transect "L" to the inflow the insufficient depth of the reservoir profile (depth < 10 m) prevented further monitoring of the BPF layer.
The investigation was carried out using a SIMRAD EY 500 split-beam scientific echosounder, working with a frequency of 120 KHz. The pulse repetition rate was 10 pings s −1 , the pulse duration was 0.1 ms (frequency bandwidth 12 KHz). The transducer used (SIMRAD ES120-4) had an elliptical beam pattern with nominal beam angles of 9.1 × 4.3
• . The transducer, beaming vertically, was held by a remotely controlled aluminium plate on the frame constructed in front of the Dory 13 research vessel. Acoustic data were stored on the hard disk of the notebook computer for later analysis. The whole sonar system was calibrated with a standard calibration tungsten carbide sphere of 36 mm diameter (FOOTE et al., 1987) . To detect all BPF, including the smallest perch larvae, the threshold for the primary noise filtering of the acoustic record during fieldwork was set to a minimal TS of −70 dB (ČECH et al., 2005) .
The acoustic data were analyzed using the automatic tracking facilities of the post-processing software Sonar5 (BALK & LINDEM, 2004) . The water column was divided into 1m-thick layers down to a depth of 17 m below the water surface. Below this depth no fry were observed. The uppermost 4 m of the water column were excluded from acoustic analysis due to the near field of the transducer (3.75 m). For each of the other thirteen 1 m thick layers, the abundance of BPF was then calculated for each transect separately. This was done in a classical way using echointegration, and by scaling the echointegrated energy with the average backscattering cross section σ bs (MACLENNAN & SIMMONDS, 1992) . The area backscattering coefficient sa for the layers 4-17 m was used as a measure of the water column acoustic biomass, while the volume backscattering coefficients sv were used to characterize acoustic biomass in individual layers (MACLENNAN et al., 2002) . The BPF layer was defined as all the one-meter thick layers where sv exceeds 5% of sa. The backscattering cross sections were derived from tracking individual fish (Tab. 1). In June, August and September most BPF were present in shoals where the estimation of σ bs was possible only for the individuals outside the shoals. Some individual transects did not contain sufficient numbers of single targets to be tracked as fish ("tracked fish" includes all detections of the same fish in subsequent acoustic pings during beam passage). In order to provide sufficient numbers of tracked fish, fish tracks from all transects were pooled into one "fish basket" (database of tracked fish in Sonar5; BALK & LINDEM, 2004) and sv from individual transects was scaled by the average σ bs from all transects. In this way, reasonable numbers of tracked fish were achieved (Tab. 1). For the indication of aggregating behaviour, the proportion of the acoustic biomass of multiple (overlapping, shoaling) targets in the total sa was calculated:
where s a,single is the area backscattering coefficient of single targets in a particular transect. An aggregation index of 100% means that no single targets were present. All sizing of acoustically detected fry and setting of the size thresholds (see below) was done using perch fry TS/LT regressions for their dorsal aspect . In order to examine whether the depth of the BPF changed from month to month, the depth of the main layer was defined as the 1 m thick layer of the water column with the highest sv.
For every BPF shoal, its physical dimensions were measured according to ČECH et al. (2005) : 1 -the length of a fry shoal was calculated from the number of acoustic emissions produced per second (system ping rate) and the time of the shoal record and the actual speed of the research vessel; 2 -the height of the shoal was calculated from the uppermost and lowermost shoal margins.
For acoustic studies of fish fry, it is necessary to set both minimum TS threshold (conventional noise threshold used in most other studies) and also maximum TS threshold. Layers with BPF were quite clean and it was possible to set the noise thresholds low enough to detect all BPF which could be expected at one time, considering previous results of direct ichthyoplankton catches of larvae and juvenile perch in May and June (MATĚNA, 1995a, b; MACHÁČEK & MATĚNA, 1997; WANZENBÖCK et al., 1997; ČECH et al., 2005) and trawling catches of YOY perch in August and September (VAŠEK et al., in press; JŮZA & KUBEČKA, unpubl. data). The same references were used for setting of the maximum TS threshold in order to exclude infrequently occurring larger fish (Tab. 1). Targets bigger than the maximum TS threshold for the appropriate month were manually erased from the analysis, using the erase function of Sonar5 (BALK & LINDEM, 2004) . The remaining configuration of the automatic tracking facility is given in Table 1 .
The data were analyzed using ANOVA, linear regression and Mann-Whitney U-test.
Results
The BPF layer was observed during all four acoustic surveys carried out during 21 May, 24 June, 8 August, 5 September along the longitudinal profile of Římov reservoir. In contrast, this BPF layer was not observed during either of the similar surveys carried out prior to (25 April, 5 May, 7 May, 12 May, 15 May) and after this period (3 October, 7 November, 2 December). In May and in September the BPF layer was clearly apparent only from the dam to the bridge (transects "A" -"J") while in June and August the layer was also recorded up to transect "L" (Fig. 2) . Table 2 gives the mean, S.D., and minimum and maximum values of the parameters describing the BPF layer in individual months. Mean ± SD 8.6 ± 0.9 11.0 ± 2.5 7.6 ± 1.0 9.4 ± 1.8 Min. -Max.
7.5 -10.5 7.5 -13.5 6.5 -9.5 6.5 -11.5 sv of main layer (m 2 m −3 )
Mean ± SD 2.4E-07 ± 2.2E-07 2.4E-05 ± 3.6E-05 8.4E-07 ± 1.0E-06 1.1E-06 ± 1.6E-06 Min. -Max.
6.0E-08 -7.4E-07 1.9E-06 -1. In May, the layer was composed of a mass of perch larvae whose size peaked at −68 dB (7.7 mm; Fig. 3 ). The BPF were distributed as solitary targets with no apparent shoaling activity. However, in some areas the scattering layer became very dense and the aggregation index increased. At least, in the lacustrine part of the reservoir (transects "A" -"G", Fig. 1 , 20 subtransects reaching 100 m each to reveal the small scale patchiness) the denser the aggregation index, the higher the main layer in the water column (regression analysis; F 1,18 = 37.51, P < 0.00001; Fig. 4 ). At this time the abundance of all BPF was greater than 31,000 ind. ha −1 . In June, the BPF layer was composed almost exclusively of shoaling individuals (aggregation index 90%) of a bimodal size distribution peaking at −61 dB (16.7 mm, stronger peak) and −54 dB (36.2 mm, weaker peak; Fig. 3) . Consistent with the findings of Čech et al. (2005) the shoals of BPF appeared to be higher in the water column than the non-shoaling individuals (Fig. 4) . The lengths of the observed BPF shoals (n = 183) ranged from 1.8 to 22.3 m with an average shoal length of 4.6 m. Their distribution was highly asymmetric, with only a few shoals > 9 m in length (Fig. 5A) . The height of the BPF shoals ranged from 0.52 to 3.01 m, with an average of 1.10 m (Fig. 5B) . The abundance of BPF was nearly 166,000 ind. ha −1 (10 transects "A" -"J" which contained BPF every month).
Similarly, in August, the BPF layer was created mainly by shoaling individuals. The peak of the TS distribution was at −51 dB (50.5 mm; Fig. 3 ). The numbers of fish in the shoals were still very high (aggregation index exceeding 75%; Fig. 4 ) compared to the non-shoaling fish. The length of bathypelagic perch fry shoals (n = 21) ranged from 1.4 to 3.7 m with an average length of 2.4 m (Fig. 5A) ; the height of the shoals ranged from 0.4 to 2.42 m with an average of 1.0 m (Fig. 5B) . The average length of the BPF shoals, in individual transects ("A" -"L"), was much greater in June than in August (Mann-Whitney U-test; Z 1,22 = 3.98, P < 0.0001) whereas the average heights of the shoals did not differ in June and August (Mann-Whitney U-test; Z 1,22 = 1.55, P = 0.12). In August, the abundance of BPF dropped to less than 3,000 ind. ha −1 (again only transects "A" -"J").
In September, both individual fish and in groups of several fish the sizes peaked again at −51 dB (50.5 mm; Fig. 3 ) in the BPF layer (Fig. 4) . At this time the abundance of BPF increased slightly to almost 5,000 ind. ha BPF, abundance of BPF in the main layer and thickness of the whole BPF layer, all of clear biological significance, were tested across their ranges from the dam to the bridge (ten transects, "A" -"J"). The depth of the main layer of BPF differed significantly among months (ANOVA; F 3,36 = 7.49, P < 0.001), being greatest in June (mean 11 m). On the other hand, in August, the main layer was at its shallowest in the water column (mean 7.6 m). In September, the whole BPF layer seems to be confined by oxygen depletion around the depth of 7 m (< 2 mg O 2 L −1 ; Figs 2, 4). Also the abundance of BPF in the main layer differed significantly among months (ANOVA; F 3,36 = 4.57, P < 0.01), being greatest in June (mean 11.5 ind. m −3 ) and lowest both in August and in September (mean 0.2 ind. m −3 and 0.3 ind. m −3 , respectively). Similarly, the thickness of the whole BPF layer differed significantly among months (ANOVA; F 3,36 = 5.71, P < 0.01), being greatest in May (mean 4.5 m) and lowest in June (mean 2.6 m).
Discussion
In May the BPF layer was observed only from the dam to the bridge (i.e. in the lower lacustrine part of the reservoir) while a month later the layer was also observed up to transect "L" (i.e. entering the upper riverine part of the reservoir). However, at this time some echograms in shallower parts of the reservoir suggest that the layer of BPF continually changes into "benthic" fry where there is insufficient depth (i.e. the BPF layer touches the bottom until it vanishes). Similar benthic perch fry maintaining contact with the bottom have been reported e.g. from Lake Michigan (Perrone et al., 1983) , Lake Constance , or Lipno reservoir (Čech & Kubečka, unpubl. data) . The reason for the absence of a BPF layer in the upper third of the reservoir in May could be delayed hatching induced by colder water coming in from the Malše River and generally less appropriate temperature conditions in this part of the reservoir, or a local flood in mid-May which hit the upper part of the reservoir (Růžička et al., 2002) and might have destroyed the egg strands. The mass of water might also have swept the newly hatched perch larvae into the lower part of the reservoir due to their low swimming ability (Hamley et al., 1983) .
Surprisingly, the abundance of BPF increased dramatically from May to June, being half an order higher (31,000 ind. ha −1 and 166,000 ind. ha −1 , respectively). This colonization pattern of the bathypelagic zone was completely opposite to that described by Čech et al. (2005) from Slapy reservoir where the density of BPF decreased between May and June. However, as in Slapy reservoir also, and similarly in Lake Ros (Jachner, 1991) , the overall pelagic abundance of perch fry (including EPF) had its maximum in June instead of May. The reason for relatively low numbers of BPF in May could be prolonged spawning so that the hatching period results in conditions where some of the egg strands might still have been unhatched during sampling (Hamley et al., 1983) . The possibility that the May sampling did not catch the maximum of perch larvae in the pelagic habitat could be confirmed by both the size of the tracked BPF, which corresponds well with the usual length of perch larvae soon after hatching, and the ensuing migration from littoral to the open water (Whiteside et al., 1985; Treasurer, 1988; Wang & Eckmann, 1994; Matěna, 1995a, b; Urho, 1996) and also by bimodal size distribution of BPF in following month. The other evidence for this assumption could be that the BPF layer in June was newly observed in the upper part of the reservoir, indicating delayed hatching for reasons such as those mentioned above. Although addition of the reservoir perch fry community by larvae hatched from eggs spawned later in the Malše River, which had drifted downstream, could also not be completely excluded (Perrone et al., 1983 ) the results of Peterka et al. (2004) working with drift traps in the Malše River tributary did not support this possibility.
The strong decline of BPF abundance observed in August (< 3000 ind. ha −1 ) could be explained by three different reasons (i) a previous overall shift of perch fry from the pelagic habitat into the littoral area after metamorphosis, connected with fin development and newly acquired barred color pattern appropriate to survival in shallow waters (Ward & Robinson, 1974; Coles, 1981; Whiteside et al., 1985; Treasurer, 1988; Wang & Eckmann, 1994) , (ii) due to a shift of BPF from the bathypelagic to an epipelagic habitat induced by the zooplankton decline below the thermocline (Kratochvíl et al., in press) , which density in Římov reservoir is, however, generally very low during the season in hypolimnion compared to epilimnion (Macháček & Seďa, 2003) or (iii) due to a mortality generated mainly by predatory fish where cannibalism seems to play the crucial role (e.g., Bogdanov, 1959) . Most likely, in August the abundance of BPF is a result of a combination of several of the above causes while the daily mortality calculated only from the June maximum up to August (Kubečka, 1991) results in a theoretical abundance of approximately 25,000 ind. ha −1 . The proximate cause of the moderate increase of BPF abundance in September (ca. 5000 ind. ha −1 ) may be the gradual return of littoral (Coles, 1981; Wang & Eckmann, 1994) or epipelagic, or both, parts of the YOY perch community into the bathypelagic habitat, in connection with overwintering Imbrock et al., 1996) . In Římov reservoir this event was accompanied by the BPF layer vanishing from the upper, shallower part of the reservoir and followed by termination of bathypelagic behaviour in October. Eklöv & Persson (1995) have experimentally shown that, in the absence of reasonable refuges, juvenile perch have a low capacity to avoid predation, being quickly eliminated from the pelagic zone. Consequently, the dwelling of BPF in a cold hypolimnion could be an important mechanism of predator avoidance (Levy, 1990) . Moreover, their shoaling behaviour could also serve to reduce predation (for review see e.g., Moyle & Cech, 2003) . Confirming this is the fact that, in June and August the majority of the BPF in Ří-mov reservoir were present in shoals. In contrast, no shoaling behaviour was observed in May. At this time the transparency of perch larvae (Ward & Robinson, 1974; Coles, 1981; Wang & Eckmann, 1994 ) is supposed to be sufficient adaptation for life in the pelagic zone of lakes and reservoirs, since they are thus invisible to predators (Faber, 1967) . However, in their classical study, Thetmeyer & Kils (1995) have demonstrated that transparent organisms may also be highly visible and detectable by predators, due to light absorbance by opaque parts of the body or light scattered in the tissues, and Čech & Kubečka (2002) have suggested that the sinusoidal cyclic swimming of fish may be a mechanism effectively eliminating the advantage gained by transparent prey. There is some evidence that the onset of shoaling is likely to be mediated by the development of the lateral line system (Cahn et al., 1968) . This ontogenetic threshold occurs in larval perch at around a length of 14 mm (Disler & Smirnov, 1977) . Therefore, the inability to form shoals in late May appears to be more due to poor development of the perch larvae, which at this time had a unimodal size of 7.7 mm, than blind belief in transparency. The clear absence of shoaling behaviour in May agrees with the observations of Čech et al. (2005) from Slapy reservoir (BPF average L T 11.9 mm). In contrast, the ontogenetic threshold for the onset of shoaling at 14 mm length fits well with late June observation where the BPF layer in Římov reservoir consisted almost exclusively of shoaling individuals with a bimodal size distribution peaking at 16.7 mm and 36.2 mm. Shoaling behaviour by some of the BPF (average L T 14.6 mm, i.e. close to the ontogenetic threshold) in mid-June was also reported from Slapy reservoir (Čech et al., 2005) .
In Římov reservoir, during the summer period, adult perch are clearly the only predatory fish present below the thermocline, comprising almost 50% of gillnet catches which supports the assumption that shoals serve as a protection against intercohort cannibalism (Wang & Eckmann, 1994) . However, acoustic estimates of abundance of this predator, calculated for individual transects ("A" -"L") for fish > 100 mm (> −44 dB according to TS/L T regressions for adult perch dorsal aspect; Frouzová et al., 2005) were generally very low, being 76 ind. ha −1 in June and only 26 ind. ha −1 in August. Moreover, the densities of fish > 100 mm estimated in Římov reservoir by gillnets are always very low below the thermocline . This low density of predators may suggest that BPF shoals are unlikely to be created as an effective defense against predators but more likely as the start of a social need (Morgan, 1988) . Despite the fact that the average length of BPF shoals is definitely abundance dependent, the average height of shoals seems to be constant at about 1 m in both months. This is not far from the average height of BPF shoals observed by Čech et al. (2005) in Slapy reservoir, while Imbrock et al. (1996) reported from Lake Constance the mean height of perch (age 0+ to 4+) shoals to be between 2 and 4 m.
This study has focused on ontogenetic changes of the BPF layer in the conditions of Římov reservoir which confirm the conclusions of Noble (1970) from Oneida Lake and Wang & Eckmann (1994) from Lake Constance, that at least a fraction of the 0+ perch community remains pelagic until August, or even until September as in this study. Strong evidence for this, apart from the acoustic observations, has also been obtained directly from trawl catches carried out on Římov and Lipno reservoirs in mid-August and early September (Vašek et al., in press; Jůza & Kubečka, unpubl. data) . It appears that, despite the fact that the littoral region of many canyon-shaped Czech reservoirs is favored by fry (Duncan & Kubečka, 1995; Matěna, 1995b) , the littoral comprises a negligible part of the total reservoir volume and definitely has a highly limited carrying capacity. On that account, it seems reasonable that part of the perch fry community should utilize the pelagic zone of these reservoirs for a longer period. The colonization of bathypelagic habitat, however, can be also ascribes to the apparent marine origin of perciform fishes (Holčík, 1998) .
